Building Syndrome-The Role of Psychosocial Distress in the Relationship: Tatsuhiko KUBO, et al. Department of Clinical Epidemiology, Institute of Industrial Ecological Sciences, University of Occupational and Environmental Health-The present study investigated the association between visual display terminal (VDT) work and sick building syndrome (SBS) and the role of psychosocial factors in the relationship. Subjects were 2,161 Japanese office workers who responded to a cross-sectional anonymous self-administered questionnaire survey. Questions included were derived from the Miljömedicin 040, a validated questionnaire on SBS symptoms. After exclusion of data with missing information, data for 1,881 subjects were used for analysis. Multivariate logistic regression was used to estimate the odds ratio for SBS with adjustment for potential confounding factors, including psychosocial work stress. In multivariate analysis, the odds ratio for SBS was significantly elevated for men engaged in VDT work for 4 or more hours a day (OR=2.5, 95%CI: 1.0, 5.9) compared with less than 1 hour a day, showing a significant trend association (P for trend=0.04). In women, although the odds ratio for SBS with VDT use of 4 or more hours a day was somewhat elevated with adjustment for non-psychosocial factors (OR=1.5, 95%CI: 0.5, 4.3), the increase was greatly attenuated after adjustment for psychosocial work distress (OR=1.1). In conclusion, our study suggests that extended hours of VDT use might be related to increased SBS symptoms. Moreover, psychosocial distress related to VDT work might mediate the relationship between VDT use and SBS symptoms in women. (J Occup Health 2006; 48: 107-112) 
Sick building syndrome (SBS) has been reported with increasing frequency since the 1970s. SBS is characterized by irritation of the mucous membranes, skin symptoms, and general malaise, which have been shown to be related to the features of particular buildings 1, 2) . Reduced ventilation rates, according to energy conservation policies adopted in office buildings, are thought to contribute to a poor indoor air environment 2) . Personal computers came onto the market in 1975, with 500-600 million units now currently in use worldwide 3) . In Japan, 6.9 million personal computers were shipped for use in workplaces in 2003 alone 4) . Visual display terminal (VDT) work is now common among office workers and has been found to be associated with increased symptoms typical of SBS [5] [6] [7] [8] in a dosedependent manner [8] [9] [10] . Indoor air problems are of multi-factorial origin 11, 12) . Psychosocial work environments, for example, those low in the occupational hierarchy and lacking social support from co-workers, might play a significant role in the outcome of these problems 5, [12] [13] [14] . Furthermore, psychosocial factors might mediate the association between individual, occupational, and environmental characteristics and the relationship with SBS 15) . Thus, control of work-related psychosocial distress is important in evaluating the effect of VDT work on SBS 16) . However, most studies have not considered these psychosocial factors 5, 8, 10, 17) . Furthermore, it is unclear whether the effects of psychosocial factors on the relationship between VDT and SBS symptoms differ between men and women. Here, we report an association between VDT work and SBS symptoms among Japanese office workers while controlling for work-related psychosocial factors.
Materials and Methods

Survey
A health survey was conducted among municipal employees of a city agency in Kitakyushu, northeastern Kyushu Island, Japan. Details of a previous survey conducted in 1998 in the same city office have been described elsewhere 1) . The targets of the present 2001 survey were permanent workers in office buildings of the city agency. Workers in small branch offices or offices attached to specific facilities such as waste incinerator plants were excluded, leaving approximate 5,000 study subjects mainly consisting of clerical workers (68%) and engineers (21%). Of these, 2,568 workers were randomly selected and asked to respond to an anonymous questionnaire.
The city agency surveyed consists of one main building and 11 secondary buildings. The windows of the main building do not open, but those of the other buildings do. The main building and some of the secondary buildings are mechanically ventilated and air-conditioned, and both systems were in use during the survey period. Periodic measurement indicated no serious problems regarding indoor air in the buildings.
The questionnaire included questions on working conditions, perceived work stress, and health-related lifestyle factors, as well as SBS symptoms. The response rate was 84% (n=2,161). Demographic characteristics of the survey respondents (females=25%, aged less than 40 yr=48%, and section chiefs or higher=32%) were similar to those of the target population (24%, 45%, and 31%, respectively).
SBS symptoms
Questions on SBS symptoms were derived from the Miljömedicin 040 questionnaire, English version A (MM040EA), a validated self-administered questionnaire designed for epidemiologic assessment of indoor air problems 18) . One of the authors translated the questionnaire into Japanese for use in this study. Symptoms noted over the 1-month period preceding the cross-sectional survey were as follows: fatigue; feeling heavy-headed; headache; nausea/dizziness; difficulty concentrating; itching, burning, or irritation of the eyes; irritated, stuffy, or runny nose; hoarse, dry throat; cough; dry or flushed facial skin; scaling/itching of the scalp or ears; and dry, itching, or red-skinned hands. For each symptom, the following answers were possible: "Yes, often (every week)"; "Yes, sometimes"; and "No, never." For responses with "Yes, often (every week)", an additional modified query concerning the attribution of the symptom to the work environment was included ("When does the symptom appear?"), with three possible responses: weekday, weekend, or indistinct. The testretest reliability of single-symptom questions, measured as kappa values, varied from 0.31 to 0.59 (mean=0.45) 19) . For analysis, symptoms were categorized into two groups: general SBS symptoms (fatigue; feeling heavyheaded; headache; nausea/dizziness; difficulty concentrating) and mucocutaneous SBS symptoms. Mucocutaneous SBS symptoms were further categorized into three groups anatomically: eye symptoms (itching, burning, or irritation of the eyes), respiratory symptoms (irritated, stuffy, or runny nose; hoarse, dry throat; cough), and skin symptoms (dry or flushed facial skin; scaling/ itching of the scalp or ears; and dry, itching, or redskinned hands).
An SBS symptom that occurred "often (weekly)" on a "weekday" was defined as positive. Subjects who tested positive for at least one general symptom and at least one mucocutaneous symptom were designated SBS cases for this study. These symptoms did not completely satisfy the conventional definition of SBS in that we could not exclude symptoms arising from a specific disease or from non-office factors because of a lack of information on the precise occurrence of each symptom.
VDT work and other related factors
There were 4 possible responses to daily hours of VDT work ("How many hours per day do you work with a visual display terminal (personal computer or any other electronic equipment controlled by a monitor)?"): none, <1 h, 1 to <4 h, or ≥4 h. The first 2 response categories were combined to make a reference group.
Factors consistently cited as risk factors for SBS were considered as potentially confounding factors. Included in the analyses were age (≤29 yr, 30 to ≤39 yr, 40 to ≤49 yr, or ≥50 yr), history of allergy (no, yes), participation in sports activity per week (none/<1 h/1 to ≤3 h/<3 h, or ≥3 h), smoking habits (current smoker, non-smoker or ex-smoker with workplace environmental tobacco smoking (ETS) exposure of more than 1 hour/day, or nonsmoker or ex-smoker with workplace ETS exposure of less than 1 hour/day), type of building (main building, secondary building), position (staff, sectional sub-chief, or higher), hours of overtime work during the preceding 1-month period (none/<10 h, 10 to <30 h, or ≥30 h), interest in one's work (sometimes/often, never/seldom), work overload (never/seldom/sometimes, often), control over one's work (sometimes/often, never/seldom), support from colleagues (sometimes/often, never/seldom) and distress over interpersonal relations at work (never/ seldom/sometimes, often). For analysis, factors were categorized into 3 groups: personal factors, occupational factors and psychosocial factors (See Table 1 ).
Statistical Analysis
We excluded 280 employees with missing information on at least one of the above-mentioned variables, leaving 1,881 study subjects. Differences in proportions across categories of hours of VDT work were assessed using the chi-squared test. The relationships between exposure to outcomes, the two categories of SBS symptoms and study-defined SBS were assessed independently in separate models. Multivariate logistic regression was used to estimate the odds ratio (OR) for each outcome and the 95% confidence interval (CI), with adjustment for the factors mentioned above. Tests of trends across categories of exposure were calculated by treating the levels of exposure as a continuous ordinal variable in the regression model. All analyses were performed using SPSS 12.0J software. Table 1 shows the characteristics of 1,881 municipal workers according to daily hours of VDT work by sex.
Result
Compared to men engaged in VDT work for less than 1 hour per day, those engaged in VDT work for 4 or more hours per day were more likely to be young, to be assigned to the main building, to work overtime, and to perceive themselves as work-overloaded, and were less likely to engage in sports activities and hold a higher-level position. Compared to women engaged in VDT work for less than 1 hour per day, those engaged in VDT work for 4 or more hours per day were more likely to be young, to be assigned to the main building, to work overtime, and to have more control over their work, and less likely to perceive themselves as supported by colleagues at work. Table 2 shows the relationship between hours of VDT use to SBS with and without adjustment for psychosocial work stress factors. Prevalence of SBS was about two times higher in women than men (3.9% versus 7.9%). In both men and women, the prevalence of SBS increased with increasing hours of VDT work, with those engaged in VDT work for 4 or more hours per day having a 3-4% higher prevalence of SBS than those engaged in VDT for less than 1 hour per day. In men, the OR of SBS with four hours or more VDT work was significantly increased Abbreviations: OR, odds ratio; CI, confidence interval, visual display terminal. † Having at least one symptom which occurred often (weekly) on weekday. ‡ Adjusted for age, history of allergy, current smoking or workplace environmental tobacco smoke exposure, sports activity, type of building, occupational position, overtime work, interest in work, work overload, control over work, support from colleague, distress over human relations. Table 3 shows the relationship between hours of VDT use and each symptom category by sex. In men, significantly elevated ORs with the greatest amount of VDT work were observed for general, eye, and respiratory symptoms (general: OR=2.5, 95%CI: 1.3, 4.7; eye: OR=2.2, 95%CI: 1.0, 5.5; respiratory: OR=2.3, 95%CI: 1.3, 4.2). In women, although the prevalence of each symptom tended to increase as hours of VDT work increased, the association disappeared after adjustment of covariates for general and respiratory symptoms. A non-significant increase in OR associated with long hours of VDT work was noted for skin symptoms in both men and women and eye symptoms in women.
Discussion
In a cross-sectional survey of Japanese municipal employees, we found a positive relationship between hours of VDT work and SBS symptoms in men. In women, the prevalence of SBS symptoms was highest among those engaged in the longest hours of VDT use. The present findings are consistent with previous studies showing a positive relationship between VDT use and general symptoms including headache and tiredness, eye symptoms [20] [21] [22] , respiratory symptoms including a dry cough and cold 7) , and facial skin rash [23] [24] [25] . Regarding how VDT work induces SBS, increased prevalence of general symptoms including headache and tiredness and eye symptoms with VDT work have been ascribed to poor posture or strained visual accommodation 7) . However, respiratory and skin symptoms cannot be explained by these ergonomic factors. Recently, chemical emissions from personal computers have attracted attention. Bako-Biro et al. exposed 30 female subjects in an office building to each of two conditions: the presence and absence of blindly placed personal computers. The presence of personal computers increased the proportion of people dissatisfied with the perceived air quality from 13 to 41%. In chemical analyses, phenol, toluene, 2-ethylhexanol, formaldehyde, and styrene have been identified as pollutants emitted from personal computers 17) . Light and electromagnetic radiation from personal computers have also been linked to SBS symptoms [26] [27] [28] . A double-blind intervention study showed that the use of antistatic devices reduced facial skin complaints among VDT workers 28) , whereas others failed to find a relationship 27) . Psychosocial factors have been implicated in playing significant roles in the development of SBS symptoms 16, 29) . More specifically, it has been suggested that some complaints reported by VDT workers might be an indirect expression of psychosocial discomfort related to working conditions 30) . In the present study, the association between VDT work and SBS disappeared after adjustment for psychosocial factors in women, whereas the association with VDT use remained significant after adjustment in men. This indicates that SBS symptoms in women engaged in VDT work might be largely attributable to associated increased psychosocial work stress.
In our study, there was a marginally significant trend association in the prevalence of skin symptoms in both sexes (P for trend: 0.07 for men and 0.09 for women); however, the association disappeared after adjustment for psychosocial factors (P for trend: 0.38 for men and 0.51 for women). This indicates that psychosocial stress mediates the relationship between VDT use and skin symptoms in both sexes. The results are partly supported by the following findings. Berg et al. reported that VDT workers with skin complaints exhibited higher levels of stress-sensitive hormones: estradiol, which can enhance dermal vasodilation; and thyroxin, which is related to metabolism and is a requirement of dermal heat transfer 31) . Based on this finding, they hypothesized that VDT workers suffering from occupational strain might undergo physiological changes characterized by altered metabolism and increased dermal blood flow. Furthermore, another study showed that VDT workers had low melatonin and high ACTH levels 32) , which could also contribute to the occurrence of SBS symptoms.
The present study had several limitations. First, its cross-sectional nature limits the causal inferences that can be derived from the findings. Second, because of the loose definition of SBS, there have been wide variations among previous studies in terms of the symptoms covered, the time period studied, and the frequency of symptoms, as well as in constructing a summary measure of SBS. Consequently, analyses using other definitions of SBS might provide different results. Third, exposure levels and symptoms were assessed neither independently nor objectively. Thus, workers with SBS symptoms might have overstated their exposure levels, leading to a stronger association. Fourth, employees suffering from SBS symptoms might tend to avoid VDT work, perhaps resulting in underestimation of the risks associated with long hours of VDT work. Lastly, risk factors for SBS symptoms that were not assessed in the survey, including type of software or hardware used for the VDT work, VDT work at home, and hours engaged in non-office work, might have confounded the present association somewhat.
In conclusion, the present study confirms that VDT work is a risk factor of SBS symptoms and supports the idea that the relationship between VDT use and SBS symptoms might be mediated through psychosocial pathway in women. The gender difference in the impact of psychosocial factors on this relationship needs to be confirmed in future studies.
